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Abstract.—Galls induced by an unidentified species of Contarinia gall midge were 
found on leaves of Acacia cornigera L. in Los Tuxtlas, Veracruz, Mexico. The host plant 
is protected against other herbivores by the mutualistic ant species Pseudomyrmex fer- 
rugineus (Smith). We found that the density of the galls was significantly different among 
A. cornigera trees with different functional categories of ant colonies, as determined by 
the colonies’ development stages. The galls were also unevenly distributed among posi- 
tions within leaves. More leaves were galled on the rachis and pinna than at other posi- 
tions, but galls at the leaf base and extrafloral nectary were larger than those on the rachis 
or pinna. No difference was found for parasitism of mature galls by parasitic wasps 
between the trees with different functional categories of ant colonies. We conclude that 
ant protection of acacia trees may be effective against specialized herbivores like gall- 
makers. A trade-off may exist for the gall midge in that gall size is largest at leaf positions 
where risk of predation is greatest, creating the uneven distribution of galls among leaf 
positions. The hypothesis that the gall midges of Contarinia sp. may benefit by living in 
‘enemy-free space’ created by the ant is not supported by the present study. 
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The relationship between Pseudomyrmex 
spp. and Acacia spp. has been widely cited 
as obligate mutualism (Futuyma 1986, 
Huxley and Cutler 1991, H6lldobler and 
Wilson 1990, Krebs 1994). The ant-acacia 
tree provides the ant with hollow thorns as 
nesting sites, and Beltian bodies and ex- 
trafloral nectar as food. The ant, in return, 
provides the tree with protection against 
herbivores. Several ant-acacias have lost the 
chemical traits that protect other Acacia 
species from herbivores (Rehr et al. 1973, 


Seigler et al. 1978, Seigler and Ebinger 
1995). Field experiments have shown that 
acacia trees grow less and are frequently 
killed when deprived of ant protection (Jan- 
zen 1966, 1967). Similar associations have 
also been reported for other myrmecophytic 
plants associated with ants (Longino 1991, 
Fowler 1993, Fonseca 1994). 

The insect fauna associated with myr- 
mecophytic plants is usually less diverse 
and less abundant, and consists of more 
specialized species compared to non-myr- 
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mecophytic plants (Jolivet 1991). Some 
specialists are able to circumvent ant attack 
through fast escape, building shelters or 
making galls (Heads and Lawton 1985, 
Koptur 1992, Loeffler 1996, Eubanks et al. 
1997). Such insects may even take advan- 
tage of the fact that their natural enemies 
may be chased off, thereby living in ‘ene- 
my-free space’ created by the ants (Koptur 
1991, 1992). For shelter-builders and gall- 
makers, however, the ant threat still exists 
for egg-laying females and the life stages 
not yet concealed, such as eggs and young 
larvae. Ants may actively remove those ex- 
posed insects from their host plant surface 
(Stephenson 1982, Fiala et al. 1991). 

In Los Tuxtlas, Mexico, two major spe- 
cialist herbivores were found on Acacia 
cornigera L., which harbored the obligate 
mutualistic ant Pseudomyrmex ferrugineus 
(Smith). The larva of Polyhymno sp. (Lep- 
idoptera: Gelechiidae), a shelter builder, can 
defeat the ant-defense of A. cornigera and 
inflict mortality-level defoliation on the 
host plant (Eubanks et al. 1997). The other, 
Contarinia sp., is a cecidomyiid fly that 
makes galls on the plant, mostly on the 
leaves. 

According to our preliminary observa- 
tions, the leaf galls at extrafloral nectaries 
appeared to be larger than those at other 
positions of the leaves. In many systems, 
large galls not only produce large adults 
with high fecundity (Weis et al. 1988), but 
also provide better protection against natu- 
ral enemies such as parasitoids (Price and 
Clancy 1986, Weis et al. 1988). Thus, the 
gall inducer may prefer to lay more eggs at 
extrafloral nectaries. However, these posi- 
tions are also resources for, and frequently 
visited by, both the ants and generalist par- 
asitoids (Koptur 1991), and therefore rep- 
resent a risk for the gall-maker as well. 

The present study was designed to ex- 
amine the Acacia-ant cecidomyiid interac- 
tions. Specifically, the following questions 
were asked: (1) Does the presence of ants 
significantly reduce herbivory inflicted on 
Acacia trees by specialized herbivore in- 
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sects such as gall-making cecidomyiids? (2) 
Are galls evenly distributed among leaf po- 
sitions and what role, if any, do the ants and 
parasitic wasps play in determining such a 
pattern? (3) Do the gall midges gain pro- 
tection from the ants against parasitic 
wasps, thus living in ‘enemy-free space’? 


NATURAL HISTORY 


Host plant.—Acacia cornigera L. (Le- 
guminosae: Mimosaceae) is naturally dis- 
tributed in wet to relatively dry, mostly dis- 
turbed habitats at lower clevations from 
southern Mexico to Costa Rica (Seigler and 
Ebinger 1995). At the base of each com- 
pound leaf is a pair of thorns, which are 
modified stipules. The thorns are excavated 
and occupied by the ants when the thorns 
are still very young (Liu, personal obser- 
vation). The compound leaf consists of pet- 
iole, rachis, pinna, and pinnules or leaflets. 
The Beltian bodies are located at the tips of 
the pinnules of young leaves (Fig. 1), but 
are rarely seen because they are usually har- 
vested by the ants as soon as the young 
leaves develop (Seigler and Ebinger 1995). 
Extrafloral nectar is produced on a contin- 
uous basis by canoe-shaped nectaries on the 
dorsal side of the petiole and, rarely, also 
on the rachis (Janzen 1966, 1967, 1974; 
Seigler and Ebinger 1995; Liu, personal ob- 
servation). 

Associated ant species.—Pseudomyrmex 
ferrugineus (Smith) (Hymenoptera: Formi- 
cidae), often erroneously cited as P. ferru- 
ginea (e.g., Janzen, 1966, Mintzer et al., 
1987, but see Ward, 1989, 1993), has be- 
come well known because of Janzen’s stud- 
ies (1966, 1967), which provided strong ex- 
perimental evidence for the mutualism be- 
tween the ant and Acacia cornigera. It has 
a distribution ranging from eastern and 
southern Mexico to El Salvador and Hon- 
duras. It is a common species and uses as 
domatium hosts all swollen-thorn acacia 
species growing within its range, including 
Acacia chiapensis, A. collinsi, A. cookii, A. 
cornigera, A. gentlei, A. globulifera, A. 
hindsii, A. janzenii, A. mayana, and A. 
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Ep2 
nectary; c = gall induced by a Contarinia gall midge; d = rachis; e = pinna; f = pinnule; g = Beltian body; 
h = ant exit. 


sphaerocephala (Ward 1993). Pseudomyr- 
mex ferrugineus resides in the thorns of the 
acacias. Usually only one colony exists in 
an acacia tree. Workers of young colonies 
leave the thorns only long enough to collect 
nectar and Beltian bodies, but they begin 
patrolling the plant surface when the colony 
has reached a size of 50—100. When ant 
numbers reach 200—400, the workers be- 
come more aggressive and start attacking 
competing ant colonies, as well as warding 
off other insects that attempt to land in the 
vicinity. It takes about 10 months for an ant 
colony to reach this stage (Janzen 1967). 
Janzen (1967) classifies the ant colonies 
into three functional categories on the basis 
of their developmental stages: Establishing 
(< 50 worker ants per tree), transient (SO— 
200), established (> 200) (summarized in 
H6lldobler and Wilson 1990; terms of the 
functional categories coined by the authors 
of the current article). 

Herbivores.—An unidentified Contarinia 


Diagram of a branch of ant acacia, Acacia cornigera, with Contarinia sp. gall (a = thorn; b. = 


sp. (Diptera: Cecidomyiidae) induces pin- 
nule-shaped galls in A. cornigera at the leaf 
base, rachis plus petiole, pinna or extraflor- 
al nectaries. Another type of gall is also 
found on the stems of the acacia trees, but 
the inducer was not identified. No infor- 
mation is available in the literature about 
either of the gall-inducers and their biology. 


METHODS 


Study sites——The study was carried out 
about one kilometer northwest of the Los 
Tuxtlas Biological Station of the National 
University of Mexico, Veracruz, Mexico 
(95°04’W and 18°30'N). The Los Tuxtlas 
region constitutes the northernmost limit of 
tropical rain forest in the New World (Dirzo 
and Miranda 1991). The average annual 
rainfall is 1,966 mm, of which 80% occurs 
from June to October. December through 
May is relatively dry (Soto 1976). The 
study site was an extensively managed pas- 
tureland by the forest edge with an area of 
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approximately 8 hectares. Acacia trees were 
abundant in the pasture, and had been pe- 
riodically cut. New sprouts growing from 
the stumps were common. A few larger 
trees were also present. Sampling was 
mainly done within a 50 by 30 m plot. Sev- 
eral additional trees along a main road by 
the studied pasture and along forest trails 
around the field station were included in the 
study. 

Estimation of infestation rate of host 
trees with gall-makers.—In total, 85 trees 
were surveyed to examine the infestation 
rates from the gall-makers. Both the leaf 
galls and the stem galls per tree were count- 
ed. To verify the presence of ant colony on 
each tree, thorns of all trees were opened 
until ants were found or all thorns had been 
opened and no ant was found. 

Examining the relationship between gall 
density and ant abundance.—Twelve trees 
from the pasture plus one tree along the 
road were selected to determine whether 
gall density and ant density were correlated. 
Measurements, for each tree, included 1) 
the number of thorns, 2) the number of 
thorns occupied by ants, 3) the number of 
leaf galls, and 4) the number of stem galls. 
Because old thorns that have been aban- 
doned by ants do not have a leaf at their 
base, we used the total ant-occupied thorns 
as an estimate of the number of leaves per 
tree. Between two to four (mostly three) av- 
erage-sized thorn pairs were sampled from 
each tree and the number of ant workers 
was counted. The average number of ants 
per thorn was then multiplied by the num- 
ber of ant-occupied thorns of the tree to cal- 
culate the ant colony size. The ant colonies 
of acacia trees were grouped according to 
Janzen’s classification (1967) into three 
functional categories: Establishing (< 50 
ants per tree), transient (SO—200), estab- 
lished (> 200) (summarized in Hölldobler 
and Wilson 1990). 

Examining the distribution pattern of leaf 
galls and parasitism.—Leaves were sam- 
pled from a set of 17 trees to document the 
distribution of leaf galls on the trees and 
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incidence of parasitism of these galls by 
parasitic wasps. Two of these trees were 
growing along the road, one was close to 
the research station, and the others were 
from the pasture. On each tree, all leaves 
with mature galls were collected, bagged 
separately, labeled, and brought back to the 
laboratory for dissection. Gall size (width 
across the middle), the number of galls, and 
the positions of galls were recorded for 
each leaf. Galled leaves were classified as 
being galled at leaf base, rachis plus petiole, 
pinna, or extrafloral nectary (hereafter 
BAS, RACH, PINN, and NECT respective- 
ly). Only galls with a direct connection with 
a nectary will be classified as being galled 
at extrafloral nectary. The few leaves (n = 
2) that were galled at more than one posi- 
tion were not included in the analysis. Oc- 
currences of parasitism and predation were 
also recorded. Parasitism was determined 
by counting the number of galls with exit 
holes by parasitic wasps and/or the number 
of galls with parasitic wasp larvae or pupae 
still remaining. Predation was estimated by 
counting the number of galls that had been 
broken open. 

Voucher specimens of the leaf gall-in- 
ducer are deposited in the National Muse- 
um of Natural History, Smithsonian Insti- 
tution, Washington, DC (Dr. Gagné) and in 
the senior author’s collection, and of the 
parasitoids in the National Museum of Nat- 
ural History, Smithsonian Institution, 
Washington, DC (Dr. Schauff). 


RESULTS 


The leaf gall induced by Contarinia sp. 
consists of a basal larval chamber in the 
stem, petiole, rachis, or pinna, and an upper 
part that resembles a pinnule in shape and 
color. A single developing larva feeds with- 
in the basal larval chamber, moves up into 
the pinnule-like part as a mature larva, and 
pupates there. Galls crack at the tip when 
mature and the adult midges emerge. The 
exit holes of the parasitoids were round and 
made at the lateral side of the pinnule-like 
upper part of the gall. 
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Fig. 2. The per leaf gall density of galls caused by Contarinia sp. is different between trees with establishing 


(n = 6) and established (n = 7) ant colonies (Mann-Whitney U-test, P = 0.01, U = 2.00). Shown is sample 
mean (inner rectangle) +1.00 standard error (outer rectangle), and +1.96 standard error (parallel horizontal 


lines). 


The stem gall is an inconspicuous swell- 
ing with larvae living in larval chambers in 
the woody part of the stem. The larvae dis- 
sected out of the stem galls could not be 
identified to genus, although it is clear that 
it does not belong to Contarinia. 

Two and one species of parasitoid wasps 
were reared from the leaf galls and the stem 
galls, respectively. The two species reared 
from the leaf galls are Closterocerus sp. 
(Eulophidae) and Eurytoma sp. (Eurytomi- 
dae). The parasitic wasps reared from the 
stem galls belong to a unidentified genus of 
Tanaostigmatidae (Chalcidoidea), a family 
whose members are generally gall-inducers 
with one species known as parasitoid (Gib- 
son 1993). 

More than half of all A. cornigera trees 
studied were found to have leaf galls 
(61.2%). Overall leaf gall density per tree 
was 9.56 (n = 85, Xma = 95, SD = 16.52). 
Slightly more than half of all host trees had 
stem galls (51.8%). Stem gall density per 


tree was 2.18 (n = 85, X,,,, = 18, SD = 
3.53). All trees checked for ant presence in 
the study (n = 85) were found to host P. 
ferrugineus colonies. Only two functional 
categories of ant colony, Establishing and 
established, were found on the studied 
trees. 

The average number of galls per leaf of 
each tree was not significantly related to the 
size of the ant colony in terms of the num- 
ber of worker ants inhabiting the tree (P = 
0.10, °? = 0.22), but differed significantly 
between the trees that host establishing ant 
colonies and those that host established 
ones (Mann-Whitney U-test, P = 0.01, U 
= 2.00) (Fig. 2). The number of stem galls 
per tree was not related to ant colony size 
(P = 0.25, r? = 0.12), nor to the functional 
categories of ant colony (Mann-Whitney U- 
test, P = 0.22, U = 12.5). 

Galls were unevenly distributed among 
galling positions within a leaf. Galls were 
more often found on the rachis and pinna 
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Fig. 3. Observed proportion of leaves galled by Contarinia sp. on different positions. The galled leaves 
were classified into four types according to gall forming positions of a leaf: at leaf base (BASE), at rachis 
(RACH), at pinna (PINN) and at extrafloral nectary (NECT). x?-test showed that galls were unevenly distributed 


NECT 


(P < 0.05, x? = 8.70, df = 3). 


than on extrafloral nectaries or at the leaf 
base (x? = 8.70, P < 0.05, df = 3) (Fig. 
3). Leaf gall size differed significantly 
among positions of gall formation (P = 
0.01). Galls formed on extrafloral nectaries 
or at the leaf base were larger than those 
formed at the rachis or pinna (Fig. 4). 

The overall parasitism rate was 12.3% (n 
= 382). No difference in parasitism of leaf 
galls was found among gall-forming posi- 
tions (One-way ANOVA, F(2, 68) = 0.695, 
P = 0.55), or between A. cornigera trees 
hosting ant colonies of different functional 
categories (Mann-Whitney U-test, P = 
0.77, U = 7.0). Data on parasitism of stem 
galls were not sufficient for statistical anal- 
ysis. 

Predation on leaf galls was generally 
low: only 3.9% of the 382 sampled leaf 
galls were observed to have been bitten 
open by predators, apparently by other in- 
sects. No predation was observed on stem 
galls. 


DISCUSSION 


Even though all A. cornigera trees sur- 
veyed were colonized by P. ferrugineus, 
gall midge infestation rates were rather 
high, suggesting that the gall midges can 
somehow circumvent the ant defense. 

The per leaf density of Contarinia galls 
of each tree was not related to the ant col- 
ony size in terms of the number of worker 
ants. There does appear, however, to be a 
significant relationship between per leaf 
gall density of each tree and the functional 
categories of ant colonies found on the 
trees. This indicates that ant protection does 
reduce gall density. It also suggests that the 
degree of biotic protection for the trees is 
likely to be affected by the socially initiated 
behavior of the protecting ant colony. Dur- 
ing the Establishing stage, the ant workers 
are less active and the protection is weak. 
When the ant colony becomes large and the 
workers are more aggressive, ant protection 
becomes more intensive. We did not find 
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Fig. 4. 


Comparison of average size of galls induced by Cnotarinia sp. on ant acacia leaves at different gall- 


forming positions. Samples with different letters at upper left are significantly different using the Newman-Keuls 
Test (P = 0.01). The galled leaves were classified into four types according to gall forming positions of a leaf: 
at leaf base (BASE), at rachis (RACH), at pinna (PINN) and at extrafloral nectary (NECT). 


similar results for the per tree density of 
stem galls between trees hosting different 
functional categories of ant colonies. It is 
likely that the stems are less important to 
the ants as a food resource and less fre- 
quently visited. Therefore the activity of the 
stem gall midge is less likely to be affected 
by ant activities in terms of the size and 
development stage of the ant colonies. 

Galls suffered very little predation. 
Heads and Lawton (1985) observed that 
ants on bracken (Pteridium aquilinum) were 
attracted to the extrafloral nectaries and pro- 
tected the plant from caterpillars by attack- 
ing them. The ants, however, appeared to 
have no effect on the two species of gall 
midges that induce galls on bracken pinna 
because the midges were concealed inside 
the galls. 

The fact that more leaves were found 
with galls at the rachis and pinna than at 
the leaf base or the extrafloral nectaries may 
indicate that the egg-laying female of Con- 


tarinia sp. prefers the former sites. How- 
ever, it does not seem to be beneficial for 
her offspring to develop at such sites be- 
cause those galls were significantly smaller 
than those at the nectaries and leaf base. In 
general, large galls result in high fecundity 
(Weis et al. 1988) and better protection 
from natural enemies (Price and Clancy 
1986, Weis et al. 1988). Thus it does not 
seem to be an adaptive behavior for the ovi- 
positing female midge to prefer rachis and 
pinna for egg-laying, unless they are at- 
tacked by ants at the other sites. 

One alternative explanation for the un- 
even distribution pattern of galls on leaves 
is that egg-laying females, eggs and young 
larvae at leaf bases and extrafloral nectaries 
are subject to more intense predation than 
those at the rachises. The acacia tree is pro- 
tected by the ant because it provides nesting 
thorns, Beltian bodies and extrafloral nec- 
tars. The exclusion of herbivores from ant- 
acacia tree by the ants is in fact the result 
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of resource competition, which can become 
more intense if it is a direct one. For ex- 
ample, when an extrafloral nectary is galled 
by the leaf gall midge, it can no longer 
function as a nectar provider. Therefore, the 
ant workers should chase away the egg-lay- 
ing female gall midge from extrafloral nec- 
taries, and actively remove eggs and unen- 
capsulated larvae. Acacia thorns, as we ob- 
served, were excavated at very young stag- 
es by the ant, and are thus under ant 
protection from the very beginning. The 
proximity of the leaf base to the thorns will 
expose an egg-laying female of Contarinia 
sp. and her offspring to a higher risk com- 
pared to the other positions. Therefore, the 
gall midge female may prefer to lay her 
eggs on the rachis and pinna rather than at 
the leaf base or the extrafloral nectary, thus 
creating the uneven distribution pattern of 
galls. Alternatively, she may not demon- 
strate a preference for a particular oviposi- 
tion site, but the different degrees of ant 
predation create the pattern. It is also pos- 
sible that a combination of both takes place. 

We found no difference in the rate of par- 
asitism of galls on trees with different de- 
grees of ant protection derived from func- 
tional categories of ant colony, or among 
positions within leaves. Other studies have 
shown herbivores on plants defended by 
ants to be less frequently parasitized than 
those on plants without ants, and concealed 
feeders to be parasitized less frequently in 
areas of high ant activity (reviewed in Kop- 
tur 1992). In our study, the acacia trees with 
established ant colonies were taller and had 
more branches, and thus had more available 
extrafloral nectaries. It is possible that the 
many nectaries attract more parasitoids (cf. 
Koptur 1991). Thus, a larger number of 
parasitoids may circumvent the ant protec- 
tion for the leaf galls. An alternative expla- 
nation is that the parasitoids are highly spe- 
cialized and are not affected by the ants. 
Regardless of the explanation, the ‘enemy- 
free space’ for the Contarinia gall midge in 
ant protected acacia trees does not seem to 
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exist in terms of parasitic wasps in the pre- 
sent study. 

In conclusion, because galls were found 
on so many ant-colonized acacia trees, data 
from this study supports the theory that 
concealed herbivores such as gall-making 
insects can circumvent ant attack. Because 
the incidence of galls was much lower on 
trees hosting established colonies of ag- 
gressive ants, this study also indicates that 
ant protection for the ant-acacia could be 
effective even against highly specialized 
herbivores like the Contarinia leaf gall 
midge in the present system. A trade-off 
may exist for the gall midge in that gall size 
is largest at leaf positions where risk of pre- 
dation is greatest. Finally, based on evi- 
dence of parasitic wasps in this system, the 
Contarinia leaf gall midge does not appears 
to enjoy ‘enemy-free space’ on ant-protect- 
ed acacia trees. 
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